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HIGH PQWER Nd:YLF sm, Tr g TATB t^^ ^ 
BACKGROUND OF THE PRESENT TWyp^Qv^ 

Field of the Present Invent^ 

The present invention relates to solid-state lasers 
and, more particularly, to improvements in solid state lasers 
having low thermal focusing and low thermal birefringence loss. 

Background of the Present Tyy^ftj^ 

High power TEM 00 solid-state laser output, either CW or 
Q-swxtched, x. required for many commercial or research and 
development applications. La rge active aode v * 
solid-state lasing crystal is a critical xmpsix J^ 
achieving this goal. Unfortunately, the active iT 

been l lnlt ea by its therMally-in^ focusi . haS 

tractive index variation wito t6npsratur ^ '^^^ 2: 
birefringence loss which increases guadratically 
position in cylindrical laser rods. Therefore, "f" 
over ,o vatts regains unavailahie fro» any cCSC 
state laser system today. solid- 

have ^"hol Chi " CteriSti " ° f «» «ystal W,U W4(OTJ 

cr^Li * " eent ata,,iM t0 be »«»v«»t>9«o U B. This 

crystal has very low thermal focusing and, because it i. 
bir.fring.nt crystal, it. !..!», outp »t i. n,.^ " ^ * 
ana henc. un.ff.cted by thill * polarl2ea 

co»p. r abl. to Nd:v AG vlth eg uival.nt r.d^,° * * 

large mode v lume. bean for 

*> object of the present invent! „ is to increase the 
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TBMqq power output of solid state lasers having low thermal 
focusing and low thermal birefringence loss. 

A specific and further object of the present invention 
is to increase the power output of Nd:YLF solid state lasers, 
5 Yet a further object of the present invention is to 

pipduce a circularly symmetrical output without the use of a 
cylindrical lens. 

SUMMSkY OF TH E IWSEEIQM 

10* in accordance wi£h "£he invention/ a high" power" 'solid' 

state laser comprises a laser resonator and a plurality o£^ 
solid state laser rods mounted in pumping chambers. The rods 
ore arranged in series and are constructed of a material having 
»iow .-thermal focusing and low thermal birefringence loss • Means 

15 v are arranged; within the resonator for i establishing a large 
intra-cavity beam diameter and active volume , and/ thereby , a 
high TEM Q0 laser output. 

v?; The laser, rods are made of solid state Nd: YLF and the 

'laser polarization is aligned along a crystal A axis to produce 

20 a^;\ output at 1053nm. A first Nd:YLF rod is mounted in a 
pumping chamber within the resonator. A second Nd:YLF rod is 
mounted in a second pumping chamber collinearly with the first 
rod. The laser energy output of one rod is focused relative to 
the ot&er rod by lens and cavity mirror means so as to es 

25 tablish a large intra-cavity beam diameter and active volume 
and/ thereby,* a high TBMqq laser output ♦ 

Although arranged in series and aligned collin arly 
along a central laser axis, the rods are rotated 90* from one 
another about the laser axis. A half -wave plate is aligned 

30 * collinearly along the laser axis positioned between the pair of 
rtfds *nd oriented to rotate the laser polarization by 90" 
thereby maintaining the appropriate laser wavelength output. 
As a result, the astigmatic beam of one rod is corrected by the 
astigmatic focusing of the second beam so that a circularly 

35 symmetrical output beam is cr ated. 

F r a better understanding of the present invention/ 
ref rence is made to the following description and accompanying 
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drawings while the scope of the invention will be pointed out 

in the appended claims. 

BRIEF DESC RIPTION OP THE DRAWINGS 

In the drawings: 

Figure 1 is a representational view of the primary 
parts of the laser of the present invention; 

Figure 2 is a block representation' of the laser of 
Figure 1 operating in a Q-switched mode; 

Figure 3 is a representational view of a Nd:YLF laser 
rod showing tne astigmatism* in " the X and Y directions of the 
thermal focusing; and 

Figure 4 is a representational view of two collinear 
Nd:YLF laser rods and a half -wave plate to produce circularly 
symmetrical output. 

DESCRIPTION OF TBB PREFERRED EMBODIMENTS 

In order to enhance mode volume of a solid state laser, 
it is necessary to utilize completely the area of the laser 
rods so that intra-cavity beam diameter is expanded as much as 
is allowed by the limitations of rod diameter. However, in 
prior art YAG lasers this increase in beam diameter has also 
been limited by its thermally-induced focusing and birefrin- 
gence loss. This limitation of beam expansion is overcome 
according to the present invention by the use of Nd:YLF rods, 
which have nearly zero thermal focusing and zero birefringence 
loss. 

In Figure 1 there is shown a plurality of Hd:YLF laser 
rods placed in series inside a resonator in order to effectiv - 
ly increase the overall rod length so as to achieve a large 
active volume and, thereby, a higher TEM Q0 laser output. 

Two such rods are shown in series within an arrangement 
10. The rods may be identically sized and shaped and, for 
achieving TEMqq output, the rods are placed within a standard 
resonat r such as of th Quantronix 4000 series. The rods are 
4X79 mm and are mounted in pumping chamb rs (not shown) in 
series within the res nat r. 

In this s ri a arrangement, the rods are mount d 
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cbllinearly with convex lens 13 therebetween. The resonator 
includes high reflectance mirror 14 at one end and output 
mirror IS at the other end. Element 16 represents an intra- 
cavity Brewster plate polarizer in order to maintain the 
polarization and therefore the wavelength of laser operation. 
The radii of curvature of convex reflective surfaces 14, is are 
120 cm. These mirrors, together with lens' 13 , establish a 
large intra-cavity beam diameter. An actual Nd:YLF laser in 
accordance with the construction of Fioure 1 has achieved a 
TEM 00 laser output of 40 watts, larger than any reported value 
to date. 

There is no reason to limit the design of the present: 
invention to only two pumping chambers and numerous such 
chambers operating in series are within the scope of the 
invention subject only to available intra-cavity space and 
input power. 

Although the thermal focusing in NdtYLF laser rods is 
small, i| Is unfortunately astigmatic, i.e. its magnitude and 
sign are' different in the X and Y directions. Pig. 3 shows a 
single- NdtYjfr- 'laser rod with the direction of output shows by 
the arrow in the Z direction. 

The difference in magnitude and sign of the thermal 
recusing in the X and Y directions has conventionally been 
corrected by -^employing an intracavity cylindrical lens in 
addition - to the spherical lens used to expand the beam for 
large mode volume. The output beam produced by the use of a 
^cylindrical lens is circularly symmetrical in the x-Y plane. 
Another *prio*' way of achieving this correction with the 
arrangement of Fig. 1 is to make lens 13 a compound cylindri- 
cal-spherical lens with the cylindrial axis aligned to comoen- 
sate"for the astigmatism. 

When pairs of- NdrYLF laser rods are placed in series, 
an alternative to the conventional use of a intracavity 
cylindrical lens Impossible. By rotating one of the two 
c llinear rods 90' relative to the ther the astigmatic 
focusing of one rod can be used to corr ct for the astigmatic 
focusing of the oth*r. However, this rotation alone results in 
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alignment of the polarization of the 1053nm beam from the first 
rod along the crystal C axis in the second rod which axis is 
appropriate for laser oscillation at a different wavelength 
(i.e. 1047 nm). This potential problem is corrected as shovn 
in Fig. 4 by placing a half -wave plate at the 105 3nm laser 

wavelength that results in the rotation by 90- of the linear 

i \ to th.© 

polarization in the first rod (shown as > arrow 1J 
position shown by arrow 2 so that the laser beam is alwa ^ 
appropriately polarized along crystalline A axis to maintain 
the .laser wavelength the same in both . rods. The . crystalline, 
axis is shown in Fig. 4 as the Y-axis. ^ 

In this way, assuming uniform thermal focusing from ro 
to rod, the total intracavity focusing in the X and Y direction 
is equal for each pair of rods so that the astigmatism dxa " 
cussed above is compensated without the need for a cylm ica 
lens. A two-headed Nd:YLF Laser built without an intracavity 
cylindrical lens and in accordance with this ^^^^j^ 
yielded over 30 Watts of TEM Q0 mode power in a cirC * 
symmetrical beam. Naturally this technique can be expan e o 
more than two rods, so long as they are in pairs. 

While the invention above has described only CT ase ' 

. . , __. mode locK 
it is obvious that an intra-cavity Q-switch or ^ 

modulator, either acousti-optic or electro-optic, activa e ^ 
an appropriate drive can be added to produce a Q-«witche o 

j block forttf 
mode locked laser output. Figure 2 illustrates, in B 

an arrangement wherein the invention described in Figu*® n is 
be operated in Q-switched or a mode-locked mode? Q"* 8Wi * C 
" operated by driver 20 to create Q-switching action. ^ 
mode locked output can be produced using an intracavity mo 
lock modulator. 

„ While the foregoing description and accompanying 
-i * ■ • ■ m *-he pres nt 

drawings represent the pref rred embodiments ox e ^ 

inv ntion, it will b bvious to thos skilled in tbe 811 

v t in without 
us . changes and modificati ns may b mad tn * 

departing, from th true spirit and scope of « * 

invention. . 
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WBM IS CIAIMEP IS: 

1. A high power TEH 00 solid state laser comprising: 
a laser resonator with pumping chambers; 

at least two solid state laser rods mounted as coaxial- 
ly in series the pumping chambers within the resonator, said 
rods . being constructed of a material having low thermal 
focusing and low thermal birefringence loss; and 

lens means within said resonator for expanding the beam 
to .establish, a 1 araq intra-cav»ty beam diameter and active 
volume, whereby a high TEM 00 laser output is achieved. 

2. The laser of claim l, wherein said laser rods are 
. constructed of Nd:YLF material. 

3. The laser of claim 2, wherein said lens means for 
establishing a large intra-cavity beam diameter are a lens 
^located between said two rods and resonator reflector surfaces 
..at the ends of the resonator. 

4. The laser of claim 3 wherein the lens is a 

-compound cylindrical-convex lens with the cylindrical part 

Aligned to compensate for astigmatic focusing of the las r 
rods. 

5. The laser of claim 4 wherein the reflection 
surfaces are convex and have radii of curvature of about 120 
cm. 

6. The laser of claim 3 wherein the- lens is a 
cylindrical lens aligned to compensate for astigmatic focusing 
Of t&e laser rods. 

7. The laser f claim 2 further including a Q-switch 
means located in th; "res nat r and a driver m ans connected to 
the Q-switch meamr for perating the laser in a Q-switched 
mode . 
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8. The laser f claim S wherein the f irst ^ 



1 9. 

2 



9- The laser of claim 2 further including * ^ 
nine* number of additional NdtYAG reds ^ntedtuL^ 
in aeries relationship within the resonator with " 

Sltt t r f °° asin9 the ^ - « - 

respect to the next so a, to establish a large intra J 
beam dialer in order t = .achieve further increase i n "I " 

7 volume and, TEMqq laser power output. "»»••.» actrve 

2 ing: * ^ ™00 »^e so!id state laser co B pris- 

* a laser resonator with pumping chambers; 

5 in th lMSt ' ^ ° f S ° Ud St " e lM « rods mounted 

5 xn the pumpxng chambers ^ being ^ . erie3 ™ 

« ixnearly along a central laser axis, one of said pair of rot 

roT b ^ 0ther «» ^ sMl 

8 rods being constructed of a M ^r< ,i v • 

• fusing and low thecal .LlJ^ts^ *~ ^ 
« collWly aw":^ " lMer 

12 =!• « I 9 lMer " is ind P="itioned between the 

12 paxr of rod. for 90- polarisation rotation, and 

id h . lei " meanS witnin " id «»onator for expanding the 

14 beam to establish a !arg e iatra-cavity beam diameter^d active 

15 volume, wherry a high TEH 00 l.. er output is achieve 

11. The laser of claim 10, wherein said laser r ds are 
constructed of Nd:YLF material. 

12. The laser of claim 11 further including a Q-switch 
means located in the resonator and a driver connect!™ to 
rne Q-switch means for oneM*.<«» *-i , 

mode. operating the laser in a Q-switched 
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FIG. 4 
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